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ABSTRACT 
 
 Inadequate sleep over time is associated with excess body mass. Data was 
drawn from the National Longitudinal Study of Adolescent to Adult Health (Add Health) 
to examine the effects of sleep duration over time on body adiposity outcomes.  
Respondents were included if they had participated in all four waves of the Add Health 
study (n = 2,766) from 1994 to 2008. The current study aimed to evaluate the 
relationship between sleep and obesity using the waist-to-height ratio (WHtR). In this 
study, regression approaches were used to assess the relationship between sleep and 
WHtR. Analyses were controlled for sex, age, race, smoking status, alcohol use, shift 
work status, parent socioeconomic status (SES) and parental education. Cumulative 
sleep duration was found to be inversely associated with WHtR. Models including the 
self-reported sleep durations collected during each wave of the Add Health study 
revealed predicted changes in WHtR that were similarly affected, irrespective of the 
wave in question. Our findings suggest that sleep during young adulthood may play an 
equally important role in maintaining body weight, as sleep during adolescence. 
 
 
INTRODUCTION 
 
Obesity is a growing problem both across the United States and the world. 
Worldwide rates of obesity have doubled since 1980, while in the U.S. data show that 
obesity rates increased from 1990 until 2003 and then remained stable with insignificant 
changes since.1,2 Although obesity rates appear to have stabilized in the U.S., obesity is 
still considered an epidemic.3 Obesity is correlated with many health issues making the 
investigation into the causes of obesity important. As American life expectances have 
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risen since 1990 so have the number of years that individuals live with disabilities 
(YLDs).4 One possible explanation for this is the increase in overweight and obesity 
rates since the 1990s.2,4 Being overweight and obese increases the risk of many non-
communicable diseases that can result in death or disability.5 In addition, obesity has 
been correlated with decreases in quality of life, depression and other mental health 
problems, which contribute greatly to the recent increases in morbidity and chronic 
disability in the United States.4,5 
Sleep is another important factor to consider in the overweight/obesity epidemic. 
Many studies have shown that short sleep duration is associated with higher body 
weight in children, adolescents and adults.6–9 Some have gone so far as to recommend 
increased sleep as a preventative measure for obesity.10 Though the mechanism is not 
wholly understood, a growing body of research has shown that the body undergoes 
metabolic changes in response to restricted sleep.11, 12 These changes may contribute 
to weight gain and other related problems, such as insulin resistance and 
cardiovascular disease.13–15 Further, data from a number of studies indicate that a dose-
response relationship exists between cumulative exposure to short sleep and obesity.16–
18 
The primary aim of this study was to investigate the long-term effect of sleep on 
weight status during the transition from adolescence to early adulthood. To do this, we 
draw upon data from the National Longitudinal Study of Adolescent to Adult Health (Add 
Health).19 Many of the current studies that investigate the link between sleep and 
obesity are cross-sectional or focus entirely on young children or adults.7, 20, 21 The 
transition from adolescence to adulthood is an important time period to study due to the 
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many developmental changes that occur during this time. In addition, this transition is 
marked by changes in hormones that affect sleep and metabolism, as well as, growing 
control over one’s own behaviors that can be key to long-term patterns of behavior.22, 23 
Furthermore, large, nationally representative samples such as Add Health are critically 
important to further elucidate the role of sleep in the obesity epidemic. 
Previous research, including studies using Add Health, has relied on body mass 
index (BMI) and waist circumference (WC) as primary measures of obesity.6, 13, 14, &16 
Despite its limited application in obesity research, recent studies have shown that the 
WHtR may outperform BMI and WC as a measure more proximally related to 
cardiometabolic factors including diabetes, hypertension, dyslipidaemia and 
cardiovascular disease risk across all age groups.24 – 27 Because the anthropometric 
variables necessary to calculate the WHtR were not obtained until the 4th wave of Add 
Health, this retrospective analysis includes sleep duration from all waves to predict 
WHtR in the most recent wave.  
 
DATA and METHODS 
Data was drawn from the National Longitudinal Study of Adolescent to Adult 
Health (Add Health). Add Health offers a unique view of sleep, obesity and other 
measures over time of a cohort during the progression from adolescence to adulthood. 
In this analysis, data is used from all four waves of Add Health. The first data collection 
occurred in 1994-95 (Wave 1, mean age = 16.1). Wave II data was collected a year 
later in 1996 (mean age = 17.1), wave III data in 2001-02 (mean age = 23.1) and wave 
IV data in 2008-09 (mean age = 29.1). Initial interviews were conducted with over 
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90,000 students in grades 7 to 12 enrolled in U.S. schools. A smaller sample was 
chosen for in-home interviews and re-interviewed for subsequent waves. In wave IV, 
trained and certified interviewers collected biological data, including the anthropometric 
measures key to this analysis.  
Respondents were included in the analysis if data from each of the four waves on 
variables of interest were available which resulted in a sample of 2,766. Participants 
may have had missing data for a large number of reasons. In wave II, 12th graders and 
the disabled sample were not re-interviewed. Additional participants were added to 
replace those lost. In wave 3, participants out of the country were omitted. In all waves, 
inability to locate previous participants, or refusal to participate, may have contributed to 
lost entries. As a result, the oversampling of certain racial groups, including Non-
Hispanic African Americans, was lost. Perhaps most importantly, parental income and 
highest level of educational achievement by parents increased. Mean parental income 
increased by $5,450 in the trimmed data. Parents whose highest level of education was 
an advanced degree or a college degree increased by 10%, while those who did not 
finish high school decreased by 5%. Table 1 displays the descriptive statistics of the 
participants included in this analysis.  
Sleep Duration 
 Sleep duration was self-reported. In waves 1 and 2, participants reported in 
whole number hours. We averaged waves 1 and 2 sleep duration variables together as 
a measure of adolescence sleep because data was collected only one year apart and 
many respondents were missing from wave 2. In waves 3 and 4, participants were 
asked to report the time they go to sleep and time they wake in hours, minutes and AM 
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or PM on days they had work or school-related activities (work days) and on days they 
did not have to be up at a certain time (free days). Weighted sleep duration for waves 3 
and 4 were calculated by adding work days multiplied by 5/7 and free days multiplied by 
2/7. Although number of work days and free days was not reported, this weighting is 
consistent with previous studies on Add Health data.16 Waves 3 and 4 generate 
implausibly long or short sleep durations (<4 or >16 hours) for 3% of participants in 
each wave. Most of these entries indicate hour ‘12’ as either time the participant awoke 
or time they went to sleep, suggesting a misreporting of the AM or PM indication. To 
avoid potential data analysis misconduct, entries were not altered. Rather, sleep 
durations of <2 hours and >14 hours were coded as missing data. A total of 215 
participants were removed using this approach. 
 Although standards of adequate sleep exist for adolescents and young adults, an 
evidence-based consensus for each age is lacking.16 Particularly in adolescents, there 
is disagreement on the amount of sleep required by each age to prevent weight gain.13 
For this reason, we defined short sleep as less than 7 hours, which is a standard 
definition for short sleep in adults used by many previous studies.16, 29, 30 In addition, the 
National Sleep Foundation reports that for ages 6-17 fewer than 7 hours of sleep is ‘not 
recommended,’ and the harm that may result does not outweigh any possible benefits.30 
Therefore, 7 hours is an appropriate cut-off for short sleep in both adults and 
adolescents. However, we acknowledge that a variety of definitions of short sleep have 
been used in previous studies.10, 16, 18, 31, 32 Based on their classifications, we created 
additional sleep categories of <5 hours, 5 to 6 hours, 6 to 7 hours, 7 to 8 hours, 8 to 9 
hours and >9 hours. These bins were used to measure cumulative sleep and sleep 
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changes. Each bin was assigned a value, -3 for <5 hours, -2 for 5 to 6 hours, -1 for 6 to 
7 hours, 0 for 7 to 8 hours, 1 for 8 to 9 hours and 2 for >9 hours, for the variable 
‘cumulative sleep’ and analyzed as an independent variable.  
Waist to Height Ratio  
 WHtR is calculated by dividing waist circumference by height—both measured in 
the same units typically using centimeters (cm). In Add Health waist circumference was 
measured at the superior border of the iliac crest to the nearest 0.5 cm. Height was 
measured against a smooth wall, at the end of the respondent’s normal exhalation to 
the nearest 0.5 cm. All measurements were made by trained and certified field 
interviewers.28  
 Although WHtR has be shown to be superior to BMI, particularly in its ability to 
better account for midsection fat accumulation, U.S. authorities have not yet agreed on 
a standard to be used to assess disease risks associated with WHtR.33, 34 For this 
reason, we include the Ashwell shape chart standards of 0.5 for overweight and 0.6 for 
obesity, as well as a standard created specifically from the Add Health data of 0.58 for 
overweight (Table 2).35, 36 The Add Health data standard is so new that an additional 
cut-off for obesity has not yet been established. Although evidence has shown that the 
Ashwell Shape Chart standards may be used for children and adults, as well as different 
ethnicities, the Add Health standard is included as it may better represent the U.S. 
population.36, 37 These standards are not necessary for this analysis; rather, they 
provide additional description of the characteristics of the population of interest in this 
analysis. 
Confounders 
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 The variables that impact obesity are numerous, while the causal influence of 
each is not well known. Thus, we relied on previous research to motivate inclusion into 
our analysis. Variables were also included in order to account for their known relation to 
sleep duration. Models were adjusted for demographic information (age, sex and race), 
as well as smoking status, alcohol consumption (frequency and quantity), parental 
income and highest educational attainment by parent. Age was measured continuously 
in years. Sex was coded as a dichotomous variable. Race was analyzed as a factor, 
comparing Non-Hispanic African Americans, Non-Hispanic Asians/Native Americans 
and Hispanic to the reference category, Non-Hispanic Caucasian. In this analysis, Non-
Hispanic Asians and Non-Hispanic Native Americans were combined because 
adequate numbers of these minority groups were not included in Add Health. Parental 
income and highest educational attainment by parent were measured in wave 1. 
Parental income was coded by quartile. Educational attainment for each parent was 
coded as a factor with four levels: advanced degree, college degree, high school 
diploma and achieved less than a high school diploma. An advanced degree means the 
parent received professional training beyond their college degree. Alcohol frequency 
was coded as a continuous variable and measured as how many days per week each 
participant had an alcoholic drink. Alcohol quantity was also coded as a continuous 
variable, reported as average number of alcoholic drinks imbibed on days that alcohol 
was used. Smoking was coded dichotomously as ‘yes’ if respondents had smoked at 
least 1 cigarette in the past 30 days and ‘no’ if they had not smoked any cigarettes in 
the past 30 days. Because shift work is related to sleep duration, shift work status 
surveyed in wave 3 and 4 were included in appropriate models.38 This variable indicated 
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the kind of shift work experienced by participants at their current or most recent job. 
Coded as a factor, day shifts were compared to evening, night, rotating shifts, or some 
shift type not described, which was coded as other. Refer to table 1 for descriptive 
statistics on the confounders. 
 
ANALYSIS 
Multiple linear regression models were used to estimate associations between sleep 
duration and wave 4 waist-to-height ratio. Males and females were pooled in all models. 
Longitudinal analysis using a mixed effects model for repeated measures of sleep 
duration was not possible due to collection of WHtR data in wave 4 only. In lieu of this, a 
model was created for each sleep duration time-point (wave 1 & 2 combined, wave 3 
and wave 4), as well as for the cumulative sleep variable. In addition, a model was 
created including all 3 sleep duration time-points, as well as a model that accounted for 
all sleep duration time points and the cumulative sleep variable. All analyses were 
performed in [R] via the RStudio interface.39 
 
RESULTS 
 The results of the multiple linear regression models are presented in tables 3 
through 9 and include beta coefficients, standard errors and corresponding p-values.  
As expected, increased sleep duration was associated with a decrease in WHtR, 
although this relationship was not significant in all models. When included as the only 
sleep variable (Model 2a, Table 4), wave 3 sleep duration significantly predicted WHtR 
(p = 0.002). However, with inclusion of wave 3 shift work, this significance was lost 
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(Model 2b, Table 5). All other factors being equal, wave 4 sleep duration also 
significantly predicted WHtR (p = 0.0002), even with wave 4 shift work included in the 
model (Table 6). In model 5, increases in the sleep durations of each wave were 
associated with decreases in WHtR. For every one unit (hour) increase in sleep duration 
for any wave (combined waves 1 and 2, wave 3 and wave 4) in model 5, WHtR 
decreased by 0.003. Interactions between each wave of sleep duration were tested and 
found to be insignificant in this analysis.  
 As anticipated, the cumulative sleep measure, suggestive of adequate sleep over 
time, was also a significant predictor of WHtR. In model 4, for every one unit (hour) 
increase in cumulative sleep, WHtR decreased by 0.003. However, when including all 
three-sleep durations and the cumulative sleep measure in Model 6, the cumulative 
sleep measure no longer significantly predicted WHtR, although all three-sleep 
durations remained significant (Wave 1& 2 p  = 0.049, Wave 3 p = 0.030, Wave 4 p = 
0.033). Interactions were tested between the cumulative sleep measure and each sleep 
duration measure, but found to be insignificant.  
Evening shift work, compared to day shift work, in wave 4 was associated with a 
decrease in WHtR in model 3 (p = 0.043), but was not a significant predictor in any 
other models. Associations among other covariates were consistent in all models. 
Reporting Non-Hispanic African American and Hispanic ethnicity was associated with 
an increase in WHtR when compared to the reference group, Non-Hispanic Caucasian. 
Males are associated with decreased WHtR when compared to the reference group, 
female (p < 0.001 in all models). Increased quantity of alcohol use, measured by drinks 
per instance of use, was associated with increases in predicted WHtR (p < 0.0001 in all 
 11 
models). Of particular note, increased frequency of alcohol use, measured by days of 
consumption per week, was associated with decreases in predicted WHtR (p < 0.0001 
in all models). Interaction between alcohol frequency and quantity were tested and 
found to be insignificant. Parental income, our indicator of socioeconomic status (SES), 
was inversely associated with WHtR. Parental education was also a significant predictor 
of WHtR. Lower levels of academic achievement compared to the reference group, 
achievement of an advanced degree, were associated with successively larger 
increases in WHtR. 
 
DISCUSSION 
 Previous research has linked a variety of factors to obesity, including short sleep 
duration.5, 6, 31 Our study contributes to this research in a several ways. First, our 
analyses confirm that shortened sleep duration is associated with increases in body 
mass, even when using the less utilized measure of waist-to-height ratio. This 
association is noteworthy because the WHtR has been shown to be a better predictor of 
the negative health conditions with which obesity correlates, but has rarely been used 
when examining the relationship between sleep and body mass.4 – 6; 13 – 16 As such, use 
of the WHtR as a primary outcome enhances our understanding of the role that sleep 
plays in the health of populations.  
 Second, this analysis both confirms and conflicts with previous findings on the 
long term effects of insufficient sleep. Our cumulative sleep measure confirms the dose-
response association of persistent exposure to short sleep with increases in body 
adiposity.16 – 18 Because Add Health is a relatively large, nationally representative 
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sample, our results provide confirmation of prior research in this area. When all waves 
were considered together in a single model, we found that an increase of an hour of 
sleep in any wave resulted in similar (within 0.001 unit) decreases in WHtR (Table 8 & 
9). In model 6, WHtR decreased by 0.005 for every one hour increase in wave 3 and 
wave 4 sleep durations. For an average height American male (176.02 cm or about 5 ft, 
9 in), a 0.005 decrease in WHtR corresponds to a 0.86 cm decrease in waist 
circumference.40 In terms of body adiposity, from this limited analysis, it appears to be 
as important to achieve adequate sleep in adolescence, compared to adulthood, despite 
the important developmental changes that are occurring in adolescence. Rather, it may 
be more important to consistently achieve adequate sleep during the lifetime in order to 
maintain a healthy body weight. When sleep duration of each wave was modeled along 
with covariates (Models 1, 2a, 2b and 3), only the sleep durations of the more recent 
waves (3 & 4) were found to be a significant predictor of WHtR. In fact, after controlling 
for shift work in wave 3, only wave 4, the most recent wave, was significantly associated 
with WHtR. This finding, which is contrary to previous research, may result from 
performing a cross-sectional analysis, when a longitudinal analysis would be more 
appropriate.16,17 
 The inclusion of shift work in this analysis provides insight into an emerging link 
in the overweight and obesity epidemic. The link between shift work and negative health 
outcomes is important to investigate because a large proportion of the work force, such 
as emergency physicians, hospital nurses and pilots, engage regularly in shift work.38 
The literature shows that day workers are less likely to be obese than shift workers.41 
Evidence has suggested that shift work leads to a disruption in physiological, metabolic, 
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social and circadian rhythms. This leads to stress, which further disrupts altered glucose 
and lipid homeostasis. Taken together, one result may be weight gain.38, 41 This analysis 
adds to previous research by investigating the relationship between obesity and various 
types of shift work. We found that in model three, evening shift work, compared to day 
shift work, was found to be significantly associated with increased WHtR, while all other 
types of shifts were not (Table 4). In addition, in all other models no shift work variables 
were significant, and the directionality of their beta coefficients were not consistent 
(Tables 3-9). It should be noted that the shift work subsamples (evening, night, rotating 
and other) are small relative to the total sample size (Table 2), increasing the probability 
of a type II error. It may be that the relationship in model 3 between evening shift work 
and WHtR was lost in subsequent models due to a confounding relationship between 
other variables.  However, further research with longitudinal methods should be done to 
clarify this potential relationship. 
In previous studies, Non-Hispanic African American populations compared to 
Non-Hispanic Caucasians have been found to be twice as obese as Hispanics 
compared to Non-Hispanic Caucasians.42 However, in our analysis these racial groups 
were found to be similarly predictive of WHtR (tables 3-9). For example, in model 4, the 
beta coefficient (0.012) for Non-Hispanic African Americans was nearly equal to the 
beta coefficient (0.013) for Hispanics. This inconsistency with previous research may 
reflect the oversampling of Non-Hispanic African Americans from well-educated 
families.19 Previous research has found that Native Americans are more obese than 
Non-Hispanic Caucasians, while Asian Americans are less obese than Non-Hispanic 
Caucasians.42, 43 Because Asian Americans and Native Americans were combined into 
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one variable, the finding that this combination of minority groups was not a significant 
predictor of WHtR was to be expected. 
The finding that males had a lower WHtR compared to females confirms that 
women generally have a higher fat composition than men.44 This may also confirm Bohr 
et al.’s findings that sex-weighted WHtR cut-offs need to be utilized in both clinical and 
research settings.36 However, because WHtR cut-offs were utilized solely for descriptive 
statistics, this distinction should have no effect on the validity of this analysis.  
Previous studies have shown mixed results of the association between alcohol 
and obesity.45 However, some studies do not distinguish between frequency of alcohol 
use and quantity of alcoholic drinks per drinking occasion, which may be important as 
the two variables affect weight differently.46, 47 Consistent with previous research, we 
found that increases in the frequency of alcohol use was inversely related to predicted 
WHtR, while quantity of drinks consumed per drinking occasion was positively 
correlated with WHtR.47 – 50  This may suggest that frequent, light drinking is protective of 
increases in WHtR. There are several potential mechanisms for the relationships seen 
between alcohol use and obesity. The association between increases in alcohol quantity 
and increased predicted WHtR may simply reflect an enhancement of caloric intake or 
the appetite-enhancing effect of alcohol.45 Evidence also suggests that alcohol inhibits 
lipid oxidation, so increases in the frequency in alcohol use may increase fat storage in 
the long term.51 
Limitations 
 There are several limitations to this analysis. First, despite having longitudinal 
sleep data, the WHtR outcome utilized was cross-sectional. For this reason, longitudinal 
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analysis on the outcome variable was not possible. Although the cumulative sleep 
measure provided one way to look at the nature of sleep changes over time, this may 
not have been a valid measure. Previous research by Krueger et al. was used as the 
basis for this method.16 However, given the fewer details on WHtR in Add Health, we 
were limited in our analysis to truly account for the effects of sleep patterns over time. 
Further, the cumulative sleep measure was calculated using a seven-hour sleep 
standard for all ages. However, sleep requirements change from adolescence through 
adulthood. 30 This may have resulted in inaccurate measurement of sufficient sleep 
overtime. Another limitation of this study was the use of self-reported sleep, rather than 
objectively measured sleep durations. However, previous studies have found moderate 
agreement between self-reported sleep duration and actigraphic monitored sleep 
duration.52, 53  
In addition, adherence to shift work schedules over each participant’s 
employment history would have been more telling of the relationship between shift work, 
obesity and sleep duration. However, this was not assessed in Add Health. Because 
this study only captured whether respondents’ current or most recent job involved shift 
work, any shift work employment missed in between waves, or in waves 1 or 2 for which 
inquiries about shift work were not made, these results may not be telling of the true 
relationship between shift work and WHtR. 
As with all observational data, unmeasured confounders are ignored. With an 
outcome as complex as obesity, there are potentially important covariates that were 
excluded, such as depression or estimates of activity as to minimize the complexity of 
the model. In addition, there are several variables that may confound the relationship 
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between sleep and WHtR, such as socioeconomic status (SES). SES may be partially 
accounted for by our parental income variable, however there is more to this variable 
than income level. It also accounts for social and cultural status. People of lower SES 
are more likely to have inadequate sleep due to potentially disruptive environments, the 
need to work more hours, the lack of control over work hours and the cumulative effects 
of stress due to poverty.54, 55  
 As previously stated, a large proportion of the Add Health sample was excluded 
in this study due to missing data. Consequently, our results may have been biased and 
the sample analyzed may not have been nationally representative. In future studies, 
statistical methods, such as multiple imputation, should be employed replace missing 
data and preserve the sample size.  
Conclusion 
The results of this analysis add to the growing body of evidence that shortened 
sleep duration correlates with increases in adiposity, specifically WHtR. While there are 
potentially many confounding variables, shift work, sex, race, alcohol quantity and 
frequency of use, parental education and parental income were all found to be 
associated with changes in WHtR.  Overall, this analysis suggests that adequate sleep 
may play an important role in combating the obesity epidemic. However, further 
research into sleep duration and obesity will be necessary.  
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TABLES 
 
Table 1. Descriptive Statistics for Participants From Add Health, 1994 – 2008 
  Count Percentage 
Males  1445 52.24% 
Females  1321 47.76% 
Race    
Non-Hispanic White   1927 69.67% 
Non-Hispanic African American  329 11.89% 
Non-Hispanic Asian/Native American  117 4.23% 
Hispanic  393 14.21% 
Smoker    
Yes  1017 36.77% 
No  1749 63.23% 
Parent Socioeconomic Status    
Below U.S. Median (1994)  1784 64.50% 
Above U.S. Median (1994)  982 35.50% 
Highest Education Achieved by Parent    
Advanced Degree  276 9.98% 
College Graduate  1063 38.43% 
High School Graduate  1103 39.88% 
Partial High School or Less  324 11.71% 
Shift Work Wave 3    
Day  1525 55.13% 
Evening  350 12.65% 
Night  159 5.75% 
Rotating  410 14.82% 
Other  322 11.64% 
Shift Work Wave 4    
Day  1887 68.22% 
Evening  175 6.33% 
Night  137 4.95% 
Rotating  232 8.39% 
Other  335 12.11% 
 
 
  Mean 
Standard 
Deviation 
Alcohol    
Frequency of Use in Days  2. 73 1.46 
Quantity of Drinks Per Use  3.56 2.84 
Waist-to-Height Ratio  0.56 0.0925 
Sleep Duration    
Wave 1 & 2  7.693 1.09 
Wave 3  7.89 1.39 
Wave 4  7.89 1.36 
Cumulative Sleep  1.09 2.22 
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Table 2. Overweight and Obesity Statistics for Participants, Percentage by Race 
from the Add Health Study, 1994 – 2008 
  White Black  Hispanic Other 
Total 
Analysis 
Sample 
Complete 
Add Health 
Sample 
BMI        
Wave 1 Overweight 17.64% 23.10% 25.95% 14.53% 19.34% 24.25% 
 Obese 4.36% 7.90% 8.14% 5.98% 5.39% 10.39% 
        
Wave 2 Overweight 19.77% 27.36% 30.79% 15.38% 22.05% 22.60% 
 Obese 5.55% 8.81% 8.14% 6.84% 6.36% 10.39% 
        
Wave 3 Overweight 46.60% 51.37% 56.74% 41.03% 48.37% 51.03% 
 Obese 18.79% 25.84% 24.43% 16.24% 20.32% 23.19% 
        
Wave 4 Overweight 60.98% 69.60% 73.03% 59.83% 63.67% 67.10% 
 Obese 30.46% 37.69% 42.49% 21.37% 32.65% 36.10% 
        
WHtR - 0.58 Standard       
Wave 4  Overweight 33.26% 39.51% 44.78% 28.21% 35.43% 41.25% 
WHtR - Ashwell Shape Chart Standards     
Wave 4 Overweight 72.44% 71.73% 83.46% 73.50% 73.97% 76.54% 
Wave 4 Obese 25.32% 33.13% 35.88% 20.51% 27.55% 34.23% 
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Table 3. Regression Results Model 1: Wave 1 & 2 Averaged Sleep Duration,             
n = 2,551, Add Health Study 1994 - 2008 
  b Std Error P Value 
Intercept  0.547 0.041 <.0001 
Avg Wave 1&2 Sleep Duration  -0.003 0.002 0.064 
Non-Hispanic Caucasian  Reference  Reference Reference 
Non-Hispanic African American  0.013 0.006 0.020 
Non-Hispanic Asian/Native American  -0.010 0.009 0.251 
Hispanic  0.012 0.005 0.027 
Age  0.002 0.001 0.148 
Female  Reference  Reference Reference 
Male  -0.013 0.004 0.0004 
Non-Smoker  Reference Reference Reference 
Smoker  0.004 0.004 0.325 
Alcohol Use (Quantity)  0.003 0.001 < .0001 
Alcohol Use (Frequency)  -0.007 0.001 < .0001 
Parent Income  -0.006 0.002 0.002 
Parent Achieved Advanced Degree  Reference Reference Reference 
Parent Achieved College Degree  0.012 0.006 0.053 
Parent Achieved High School Diploma  0.019 0.006 0.003 
Parent Achieved Less than High School Diploma 0.030 0.008 0.0003 
R-Squared = 0.050     
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Table 4. Regression Results Model 2a: Wave 3 Sleep Duration, n = 2,551, Add 
Health Study 1994 - 2008 
  b Std Error P-value 
Intercept  0.544 0.036 < .0001 
Wave 3 Sleep Duration  -0.004 0.001 0.002 
Non-Hispanic Caucasian  Reference Reference Reference 
Non-Hispanic African American  0.014 0.006 0.011 
Non-Hispanic Asian/Native American  -0.009 0.009 0.307 
Hispanic  0.013 0.005 0.021 
Age  0.002 0.001 0.07 
Female  Reference Reference Reference 
Male  -0.015 0.004 < .0001 
Non-Smoker  Reference Reference Reference 
Smoker  0.003 0.004 0.439 
Alcohol Use (Quantity)  0.003 0.001 < .0001 
Alcohol Use (Frequency)  -0.007 0.001 < .0001 
Parent Income  -0.006 0.002 0.002 
Parent Achieved Advanced Degree  Reference Reference Reference 
Parent Achieved College Degree  0.014 0.006 0.032 
Parent Achieved High School Diploma  0.020 0.006 0.002 
Parent Achieved Less than High School Diploma 0.032 0.008 0.0001 
R-Squared = 0.055     
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Table 5. Regression Results Model 2b: Wave 3 Sleep Duration, n = 2,551, Add 
Health Study 1994 - 2008 
  b Std Error P-value 
Intercept  0.512 0.035 < .0001 
Wave 3 Sleep Duration  -0.0009 0.0008 0.258 
Non-Hispanic Caucasian  Reference Reference Reference 
Non-Hispanic African American  0.013 0.006 0.015 
Non-Hispanic Asian/Native American  -0.01 0.009 0.237 
Hispanic  0.012 0.005 0.024 
Age  0.002 0.001 0.036 
Female  Reference Reference Reference 
Male  -0.014 0.004 < .0001 
Non-Smoker  Reference Reference Reference 
Smoker  0.004 0.004 0.292 
Alcohol Use (Quantity)  0.003 0.007 < .0001 
Alcohol Use (Frequency)  -0.007 0.001 < .0001 
Parent Income  -0.006 0.002 0.002 
Parent Achieved Advanced Degree  Reference Reference Reference 
Parent Achieved College Degree  0.012 0.006 0.061 
Parent Achieved High School Diploma  0.018 0.006 0.005 
Parent Achieved Less than High School Diploma 0.029 0.008 0.0004 
Wave 3 Shift Work (Day)  Reference Reference Reference 
Wave 3 Shift Work (Evening)  0.0009 0.005 0.869 
Wave 3 Shift Work (Night)  0.0114 0.008 0.135 
Wave 3 Shift Work (Rotating)  -0.005 0.005 0.32 
Wave 3 Shift Work (Other)  -0.004 0.006 0.469 
R-Squared = 0.049     
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Table 6. Regression Results Model 3: Wave 4 Sleep Duration, n = 2,551, Add 
Health Study 1994 - 2008 
  b Std Error P-value 
Intercept  0.537 0.036 < .0001 
Wave 4 Sleep Duration  -0.004 0.001 0.005 
Non-Hispanic Caucasian  Reference Reference Reference 
Non-Hispanic African American  0.013 0.006 0.020 
Non-Hispanic Asian/Native American  -0.011 0.009 0.216 
Hispanic  0.014 0.005 0.013 
Age  0.002 0.001 0.047 
Female  Reference Reference Reference 
Male  -0.015 0.004 < .0001 
Non-Smoker  Reference Reference Reference 
Smoker  0.002 0.004 0.554 
Alcohol Use (Quantity)  0.003 0.001 < .0001 
Alcohol Use (Frequency)  -0.007 0.001 < .0001 
Parent Income  -0.006 0.002 0.002 
Parent Achieved Advanced Degree  Reference Reference Reference 
Parent Achieved College Degree  0.012 0.006 0.06 
Parent Achieved High School Diploma  0.017 0.007 0.010 
Parent Achieved Less than High School Diploma 0.029 0.008 0.0005 
Wave 4 Shift Work (Day)  Reference Reference Reference 
Wave 4 Shift Work (Evening)  0.015 0.007 0.043 
Wave 4 Shift Work (Night)  0.009 0.008 0.269 
Wave 4 Shift Work (Rotating)  -0.007 0.006 0.292 
Wave 4 Shift Work (Other)  0.005 0.005 0.397 
R-Squared = 0.054     
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Table 7. Regression Results Model 4: Cumulative Sleep Measure, n = 2,551, Add 
Health Study 1994 - 2008 
  b Std Error P-value 
Intercept  0.538 0.036 < .0001 
Cumulative Sleep Measure  -0.003 0.001 0.0002 
Non-Hispanic Caucasian  Reference Reference Reference 
Non-Hispanic African American  0.013 0.006 0.027 
Non-Hispanic Asian/Native American  -0.012 0.009 0.190 
Hispanic  0.013 0.006 0.016 
Age  0.001 0.001 0.261 
Female  Reference Reference Reference 
Male  -0.016 0.004 < .0001 
Non-Smoker  Reference Reference Reference 
Smoker  0.001 0.004 0.800 
Alcohol Use (Quantity)  0.003 0.001 < .0001 
Alcohol Use (Frequency)  -0.007 0.001 < .0001 
Parent Income  -0.006 0.002 0.004 
Parent Achieved Advanced Degree  Reference Reference Reference 
Parent Achieved College Degree  0.014 0.006 0.027 
Parent Achieved High School Diploma  0.018 0.007 0.005 
Parent Achieved Less than High School Diploma 0.032 0.009 0.0002 
Wave 3 Shift Work (Day)  Reference Reference Reference 
Wave 3 Shift Work (Evening)  0.013 0.008 0.099 
Wave 3 Shift Work (Night)  0.005 0.008 0.521 
Wave 3 Shift Work (Rotating)  -0.005 0.007 0.414 
Wave 3 Shift Work (Other)  0.007 0.006 0.218 
Wave 4 Shift Work (Day)  Reference Reference Reference 
Wave 4 Shift Work (Evening)  -0.002 0.013 0.341 
Wave 4 Shift Work (Night)  0.009 0.008 0.249 
Wave 4 Shift Work (Rotating)  -0.006 0.005 0.293 
Wave 4 Shift Work (Other)  -0.006 0.006 0.290 
R-Squared = 0.060     
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Table 8. Regression Results Model 5: Waves 1&2, 3 and 4 Sleep Durations, n = 
2,551, Add Health Study 1994 – 2008 
  b Std Error P-value 
Intercept  0.616 0.044 < .0001 
Avg Wave 1&2  Sleep Duration  -0.003 0.002 0.052 
Wave 3 Sleep Duration  -0.003 0.001 0.016 
Wave 4 Sleep Duration  -0.003 0.001 0.023 
Non-Hispanic Caucasian  Reference Reference Reference 
Non-Hispanic African American  0.013 0.006 0.024 
Non-Hispanic Asian/Native American  -0.012 0.009 0.179 
Hispanic  0.013 0.006 0.016 
Age  0.001 0.001 0.351 
Female  Reference Reference Reference 
Male  -0.016 0.004 < .0001 
Non-Smoker  Reference Reference Reference 
Smoker  0.001 0.004 0.807 
Alcohol Use (Quantity)  0.003 0.001 < .0001 
Alcohol Use (Frequency)  -0.007 0.001 < .0001 
Parent Income  -0.006 0.002 0.004 
Parent Achieved Advanced Degree  Reference Reference Reference 
Parent Achieved College Degree  0.015 0.006 0.026 
Parent Achieved High School Diploma  0.019 0.007 0.005 
Parent Achieved Less than High School Diploma 0.033 0.009 0.0001 
Wave 3 Shift Work (Day)  Reference Reference Reference 
Wave 3 Shift Work (Evening)  0.012 0.008 0.106 
Wave 3 Shift Work (Night)  0.006 0.008 0.498 
Wave 3 Shift Work (Rotating)  -0.005 0.007 0.428 
Wave 3 Shift Work (Other)  0.007 0.006 0.201 
Wave 4 Shift Work (Day)  Reference Reference Reference 
Wave 4 Shift Work (Evening)  -0.002 0.006 0.778 
Wave 4 Shift Work (Night)  0.01 0.008 0.211 
Wave 4 Shift Work (Rotating)  -0.006 0.005 0.290 
Wave 4 Shift Work (Other)  -0.006 0.006 0.280 
R-Squared = 0.061     
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Table 9. Regression Results Model 6: Waves 1&2, 3 and 4 Sleep Durations and 
Cumulative Sleep Measure, n = 2,551, Add Health Study 1994 - 2008 
  b Std Error P-value 
Intercept  0.658 0.062 < .0001 
Avg Wave 1&2  Sleep Duration  -0.006 0.003 0.049 
Wave 3 Sleep Duration  -0.005 0.002 0.030 
Wave 4 Sleep Duration  -0.005 0.002 0.033 
Cumulative Sleep Measure  0.002 0.002 0.332 
Non-Hispanic Caucasian  Reference Reference Reference 
Non-Hispanic African American  0.013 0.006 0.032 
Non-Hispanic Asian/Native American  -0.012 0.009 0.179 
Hispanic  0.014 0.006 0.015 
Age  0.001 0.001 0.360 
Female  Reference Reference Reference 
Male  -0.016 0.004 < .0001 
Non-Smoker  Reference Reference Reference 
Smoker  0.001 0.004 0.758 
Alcohol Use (Quantity)  0.003 0.001 < .0001 
Alcohol Use (Frequency)  -0.007 0.001 < .0001 
Parent Income  -0.006 0.002 0.004 
Parent Achieved Advanced Degree  Reference Reference Reference 
Parent Achieved College Degree  0.015 0.006 0.025 
Parent Achieved High School Diploma  0.019 0.007 0.005 
Parent Achieved Less than High School Diploma 0.033 0.009 0.0001 
Wave 3 Shift Work (Day)  Reference Reference Reference 
Wave 3 Shift Work (Evening)  0.012 0.008 0.107 
Wave 3 Shift Work (Night)  0.006 0.008 0.486 
Wave 3 Shift Work (Rotating)  -0.005 0.007 0.431 
Wave 3 Shift Work (Other)  0.007 0.006 0.187 
Wave 4 Shift Work (Day)  Reference Reference Reference 
Wave 4 Shift Work (Evening)  -0.002 0.006 0.755 
Wave 4 Shift Work (Night)  0.010 0.008 0.198 
Wave 4 Shift Work (Rotating)  -0.006 0.005 0.283 
Wave 4 Shift Work (Other)  -0.006 0.006 0.274 
R-Squared =0.061     
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